We investigated the role played by low-frequency turbulence in the determination of magnetic field overshoots in collisionless shock waves. The data set used in this study included magnetometer and solar wind data from the ISEE 1 and 2 spacecraft for -%5 quasi-perpendicular bow shocks. Overshoots were calculated from both high-resolution data and from data averaged to eliminate the effects of turbulence with frequencies greater than the ion cyclotron frequency. Overshoots determined by the two methods exhibited generally similar behavior, although those calculated from the high-resolution data were generally larger by a factor of --•2. Overshoot size correlated well with shock Mach number and electron beta in both cases. The size of overshoots calculated from the high-resolution data increased strongly with Mach number and beta, while those calculated from the averaged data showed less dramatic increases. The behavior of overshoots calculated from the average data was generally consistent with hybrid simulation results. The difference between overshoots measured using averaged and unaveraged data was generally consistent with the presence of a component of overshoot magnitude due to low-frequency turbulence. Measurable overshoots were observed for all shocks in the data set, although those associated with the weakest shocks were small. Neither set of overshoots showed any particular change in behavior at the first critical Mach number.
INTRODUCTION
Magnetic field profiles of the Earth's bow shock typically exhibit an upstream foot, a sharp shock ramp, and a cyclic overshooting and then undershooting of the final downstream average field value. This pattern was noted early on [Heppner et al., 1967 ], but it is only recently that detailed studies of the phenomenon have begun. Interest in the overshoot derives from the fact that its presence is related to one of the basic processes involved in the formation of strong shock waves in collisionless plasmas, the reflection and subsequent gyration about the shock front of a fraction of the incoming solar wind ions [see Leroy et al., 1982; Sckopke et al., 1983 ].
The first detailed examination of overshoot behavior was done by Livesey et al. [1982] (henceforth referred to as LKR), who reported on studies of 110 quasi-perpendicular bow shock crossings. They found, among other things, that the amplitude of the overshoot increased with Mach number and ion beta, but did not depend on shock normal angle (which ranged from 43 ø to 88 ø in their data set) and that overshoot amplitudes increased suddenly at the first critical Mach number. The importance of this last observation is that if the overshoot is, in fact, a marker of presence of gyrating reflected ions, then one expects overshoots only for shocks where ion reflection is a significant process. Edmiston and Kennel [1984] terms of the maximum high-resolution downstream magnetic field. There is a problem with this definition, however, in that the overshoot magnitude so defined could be confounded by the presence of low-frequency turbulence, which, in fact, generally accompanies shock crossings. If such turbulence contributed significantly to the estimated overshoot amplitudes, then the LKR results might present a misleading picture of overshoot behavior composed of elements of ion dynamics mixed with characteristics of the turbulence. We have sought to investigate whether or not turbulent effects systematically distorted overshoot measurements by redoing the LKR study using both highresolution and averaged data, and comparing the results. We found, not unexpectedly, that overshoots calculated from the averaged data were lower. They did, however, maintain the general trends of the high-resolution data. Two specific differences were seen between results using the averaged data and previous work: (1) the increases in overshoot magnitude at high Mach number and large beta were less dramatic in the averaged data and (2) there was little evidence in our data set for the presence of a first critical Mach number.
OBSERVATIONS
The primary data used in this study came from the ISEE 1 and 2 magnetometers [Russell, 1978] . Solar wind parameters were provided by the ISEE 1 solar wind experiment and ISEE 2 fast plasma experiment [Bame et al., 1978] . The data set contained -65 quasi-perpendicular bow shock crossings which occurred under a variety of solar wind conditions.
We resolution data available for each shock (4 points/s in low bit rate and 16 points/s in high bit rate). The current study was based on two versions of the field profiles: one, which we call our high-resolution data, contained ¬ s resolution data for each shock, while the second contained averaged data for the same shocks. The averaging scheme used was an 11 point (2.5 s) running boxcar average, which suppresses turbulence with frequencies greater than or on the order of the ion cyclotron frequency, thus preserving ion scale structures while at the same time smoothing out higher-frequency turbulence. The bottom panel of Figure 1 , which presents the averaged field data, shows the effect of the averaging. The general result, not unexpectedly, was that smaller overshoots appeared in the averaged data. Our question then was, what was the significance of this difference.
The general behavior of the overshoots in the two cases was similar. This can be seen in Table 1 , which summarizes the correlation coefficients between overshoot magnitudes calculated from the two versions of the data set and upstream parameters. We note here that field profiles observed by ISEE 1 and ISEE 2 for the same shock crossings were generally similar, although not identical. Overshoots were calculated separately from the data from each spacecraft, but values from the two spacecraft were then averaged for use in our analysis. Shock normal angles were calculated using model normals included in the University of California, Los Angeles magnetic field summary data, and Mach numbers were corrected for shock velocity whenever such velocities were available.
As one can see from Table 1 , the parameter dependencies of the overshoots were similar in the two cases. In both cases overshoot behavior also followed the general trends reported by LKR: positive relationships were seen with plasma betas and Mach numbers, and no dependence on shock normal angle was present. Note that while there was no striking difference in overshoot behavior as a function of the various Mach numbers, the correlation with electron beta was significantly stronger than that with the ion beta. The two strongest relationships are illustrated in Figure 2 where overshoot magnitudes are plotted as functions of Alfv6n Mach number and electron beta. In Figures 2a and 2b the top panels represent results from the averaged data set, and the bottom panels present high-resolution data.
The most obvious difference between overshoots calculated from the two forms of the data was that those calculated using the averaged data set were smaller by a factor of DISCUSSION There were two questions which we sought to explore using this dual data set. The first was whether or not low-frequency turbulence was, in fact, confounding overshoot measurement, and, if so, the second was then what were the characteristics of the overshoot which were revealed once the turbulence had been removed. Our analysis has, however, in addition to helping answer those questions, raised another, concerning the first critical Mach number.
We will discuss each of these issues in turn. We also note at this point that in this study we have focused on the effects of turbulence with frequencies generally larger than the ion cyclotron frequency, and inquired as to its effect on the measurement of overshoot magnitude. We have not addressed the issue of the unsteadiness of the reflection process itself, which appears to have a frequency on the order of the ion cyclotron frequency.
Presence of Turbulence
Overshoots calculated from the averaged data sets were certainly smaller than those calculated from the highresolution data and the differences between the two showed interesting patterns. The ratio between the two values was unrelated to upstream parameters, but the difference was 
Fig. 2. Overshoot magnitudes and plasma parameters. (Left) Overshoot magnitude as a function of Alfv•n Mach number. (Right) Overshoot magnitude as a function of electron beta. In both cases the top panels show data from averaged field, and the lower panels show results from high-resolution data. values of H -L. What we found instead was that H -L
showed similar dependences to those of the overshoot: it was most strongly correlated with Alfv•n Mach number and electron beta. These results are, however, consistent with studies of the low-frequency noise associated with shock crossings, which found that the magnetic component of the noise was positively correlated with Mach number and electron beta (M. M. Mellott and E. W. Greenstadt, unpublished manuscript, 1987). Thus the data were generally consistent with the presence of a component of overshoot magnitude due to low-frequency turbulence in addition to that due to ion dynamics per se.
Effects of Turbulence
The question then becomes does it make any real difference; i.e., does the presence of the turbulent component significantly alter the results of overshoot measurement?
The correlations of overshoot size with Mach number and beta seen in the high-resolution data are, for instance, generally maintained in the averaged data. On the other hand, the dramatic increases in overshoot magnitude seen at high Mach numbers and large betas in the high-resolution data disappeared in the averaged data. This suggests to us that the strong growth in overshoot magnitude seen in the high-resolution data results from increasing levels of turbulence rather than from the ion dynamics. Note that the sharp jump in overshoot magnitude seen in the LKR plot did not appear in either our high resolution or averaged data. There are two reasons for this difference.
1. It was, of course, possible that the LKR study simply contained shocks which were not included in our data set, and so we checked specifically for those cases which appear in the LKR plot right at Mf/Mc = 1. We were able to identify seven of the 12 LKR points at Mf/Mc '-• 1, and when we did so, we found that they came from two days on which there were difficulties with the preliminary solar wind parameters used by LKR. Different problems were associated with each of these days, which were December 2, 1977, and January 6, 1978. The December 2 shocks were included in our data set, but the solar wind density which we used in our calculations, which was a more refined estimate than that used by LKR, was considerably larger (n --• 20 as compared with n -10).
As a result, our calculated value of Mf/Mc was --•2 rather than 1, and the points associated with those shocks were moved to the right on our plot as compared to LKR. On January 6, 1978, the solar wind ion temperature was quite low, and accurate temperature determination was not feasible (M. F. Thomsen, private communication, 1987) . Shocks from this day were not included in our study for this reason.
2. Also, note that overshoots were seen at every shock in our data set. This contrasts with the results of LKR, who included in their analysis 24 "laminar" shocks which reportedly had no overshoots. Most of these shocks were included in our data set, and in looking at them closely we found that they all did, in fact, exhibit overshoots, albeit small ones. This is illustrated in Figure 5 , where the averaged field for a dispersive shock with Mf/Mc '-• 0.8 is presented. In this case the maximum field was 45.1 nT and the average downstream field was 41.9 nT, the overshoot was thus --•8%, small but nonnegligible. The omnipresence of overshoots is consistent with laboratory data [Strokin, 1985] 
